Beef, buffalo and pork are the major meat of economic, religious and health concern. Current methods to authenticate these materials in food chain are based on mainly single gene targets which are susceptible to break down by food processing treatments. We, for the first time, described here a double gene targeting short-amplicon length multiplex polymerase chain reaction assay for discriminating bovine, buffalo and porcine materials in a single assay platform. The advantage of the assay is evidenced in terms of fidelity, cost and time since it is highly unlikely that two different targets would be missing even in a decomposed specimen. Detection of multiple targets in a single assay definitely saves analytical cost and time. Mitochondrial cytochrome b (cytb) and ND5 genes were targeted and six different targets (length: 90e146 bp), two for each of cow (120 and 106bp), buffalo (90 and 138bp) and pig (73 and 146bp), were amplified from raw, boiled, autoclaved and microwaved cooked meat under pure and mixed matrices. The detection limit was 0.02 ng DNA under pure states and 0.1% meat in binary mixtures and meatball products. Screening of Malaysian meatball products revealed all beef products were buffalo positive in which 35% were totally replaced. In contrast, all pork products were found uncontaminated from beef and buffalo.
Introduction
Authentication of animal origins of food products is a rapidly growing field having relevance to community health, religious and cultural issues and fair-trade policy (Bottero & Dalmasso, 2011; Haider, Nabulsi, & Al-Safadi, 2012) . The recent inclusion of some alien species such as horse meat and pork in beef products (Walkera, Burnsb, & Burns, 2013; NEWS STRAITS TIMES, 2015) , pork and rat meat in lamb products (Ali, Razzak, & Hamid, 2014) , and monkey, dog and cat meat in exotic menu (Amin, Hamid, & Ali, 2016; Rahman et al., 2014; Rashid et al., 2015) are highly alarming since most of these species are the potential carriers of various infecting agents and prohibited in the most religions and cultures.
Beef, buffalo and pork are the major meat of economic, health and religious interests heavily consumed all over the world. For instances, while there is a huge turnover of buffalo in India both for domestic consumption and exports, the slaughtering, consumption and export of beef is totally prohibited there because of the restriction of Hinduism (Girish, Haunshi, Vaithiyanathan, Rajitha, & Ramakrishna, 2013) . The recent killing of a man and beating of his family members in the city of Dadri in India by a group of radical Hindus based on a false rumour that beef was kept in his refrigerator is a strong piece of evidence that meat scandal can provoke social unrest and take innocent lives (Daily Mail Online, 2015) . However, despite having religious prohibition and regulatory control, the counterfeiting of buffalo meat with beef and beef with buffalo has been rampant all over the world (Girish et al., 2013; Karabasanavar, Singh, Umapathi, Girish et al., 2011 . While the Egyptians and some Europeans prefer buffalo to beef because of the cultural preference and/or fear of bovine spongiform encephalopathy (BSE) (Sakaridis, Ganopoulos, Argiriou, & Tsaftaris, 2013) , beef has evolved as the meat of choice and consumed heavily in most parts of the world (Karabasanavar, Singh, Umapathi, Girish et al., 2011 . On the other hand, pork is a popular meat in most of the western countries in spite of its total unacceptability to the Muslims and Jewish consumers (Ali et al., 2012) . Thus the social, religious, health and business interests in beef, buffalo and pork are huge and hence there is a need of a trustworthy but low cost method for their discrimination in food chain.
Currently, several molecular detection schemes are proposed for the authentication of beef (Mane, Mendiratta, Tiwari, & Bhilegaokar, 2012 Herrero, Royo, Lago, Vieites, & Espiñeira, 2013) , buffalo (Girish et al., 2013; Singh, Umapathi, Girish et al., 2011 and pork (Erwanto, Abidin, Sugiyono, & Rohman, 2014) . However, these methods are mostly based on a single and long DNA marker which often breaks down under food processing treatments as well as natural and environmental decomposition, making them less trustworthy but more expensive . The recent evolution of multiplex polymerase change reaction (mPCR) assays are especially promising since they offer the opportunity of identifying multiple target oligos in a single assay platform, saving both analytical cost and time (Ali, Razzak, et al., 2014) . Instead of targeting a single gene, double gene targeting short-amplicon length mPCR assays would be more reliable and trustworthy because of the complementation opportunities in which the detection of an alternative target can compensate the missing target, in case it is lost under the states of decomposition. Recently, mPCR assays have been reported for pig, dog, cat, rat and monkey species , beef, pork, horse and sheep species (K€ oppel, Ruf, & Rentsch, 2011) and beef, pork, lamb, chicken, ostrich and horse meat (Kitpipit, Sittichan, & Thanakiatkrai, 2014) . However, no mPCR assay has been documented for the differentiation of heavily consumed meat, namely, beef, buffalo and pork in food chain. Thus the objective of this study was to develop a trustworthy and cost-saving mPCR assay targeting two different gene sites for the each of bovine, buffalo and porcine species to trace them in the food chain.
Methods and materials

Meat samples collection
Beef (Bos taurus), buffalo (Bubalus bubalis), goat (Capra hiscus), lamb (Ovis aries), chicken (Gallus gallus), duck (Anas platyrhychos), pigeon (Columba livia), quail (Coturnix coturnix)), cod (Gadus morhua), salmon (Salmo salar), pangas (Pangasius pangasius), tuna (Thunnus orientalis), tilapia (Oreochromis niloticus) and rohu (Labeo rohita), frog (Rana kunyuensis) and turtle (Cuora amboinensis)), were purchased in triplicate on three different dates from various wet markets and supermarkets (Pasar Borong Selangor, Serdang, Pudu Wet Market, Kuala Lumpur and Tesco, Petaling Jaya, Selangor) across Malaysia. Pork (Sus scrofa) was purchased in triplicates from three different vendors from a Chinese wet market in Sri Kambangan, Selangor, Malaysia. Meat from three different euthanized dogs (Canis lupus familiaris), cats (Felis catus) and rats (Rattus rattus) were collected from Dewan Bandaraya Kuala Lumpur (DBKL) as described elsewhere . Monkey (Macaca fascicularis) meat was donated by the Wildlife Malaysia . Commercial beef and pork meatballs of three different brands were purchased from various stores outlets across Malaysia. All samples were collected in 2015 and transported under ice-chilled (4 C) and were stored at À20 C until DNA extraction .
Preparation of beef, buffalo and pork meatballs
Three types of ready-to-eat model meatballs of beef, buffalo and pork were prepared as per Razzak, Hamid, and Ali (2015) (Table 1) . Meatball products were deliberately adulterated by spiking of 1%, 0.5% and 0.1% of buffalo and pork, beef and pig, and beef and buffalo meat, respectively . Thus prepared 0.1% contaminated meatballs were autoclaved at 121 C under 45-psi pressure for 2.5 h . All samples were stored at À20 C until DNA was extracted.
Thermal treatment of meat samples
To mimic the usual processing practices, the raw meat samples were subjected to three different types of heat treatments. The first one was boiling, in which the beef, buffalo and pork meat were boiled in water at 98 C on a hot plate for 90 min . To simulate a conventional canning process and steam cooking practices, the meat samples were autoclaved at 121 C and 45 psi pressure for 20 min and 2.5 h . Furthermore, meat samples were subjected to microwave cooking which is a quick and modern system of cooking at 500 W, 600 W and 700 W for 30 min . All treated samples were kept at À20 C until DNA extraction.
Extraction of DNA from raw meats and meatballs
DNA was extracted from meat and fish samples using Yeastern Genomic DNA Mini Kit (Yeastern Biotech Co., Ltd, Taipei, Taiwan) . Briefly, 20 mg of muscle tissues was grounded and homogenised with a micro pestle followed by the addition of lysis buffer and proteinase K. The mixture was incubated at 60 C to lyse cells and proteins. A spin column was used for the attachment of DNA to the glass fibre matrix under centrifugation. Ethanol containing wash buffer was used to remove potential contaminants. The purified DNA was eluted in an elution buffer. DNA from Plant species (wheat (Triticum aestivum), onion (Allium cepa), garlic (Allium sativum), ginger (Zingiber officinale) and pepper (Capsicum annuum)) was extracted using the DNeasy Plant Mini Kit (QIAGEN GmgH, Hilden, Germany) . DNA from meatballs was extracted using NucleoSpin Food DNA kit (MACHEREY-NAGEL GmbH & Co. KG, Duren, Germany) (Hird, Lloyd, Goodier, Brown, & Reece, 2003) . Concentration and purity of the extracted DNA were determined using UVevis Spectrophotometer (NanoPhotometer Pearl, Implen GmbH, Germany) based on the absorbance at 260 nm and ratio at A 260 /A 280 , respectively (Napolitano et al., 2014) .
Design of species-specific primers
Six sets of primers were designed targeting mitochondrial cytb and ND5 genes because of their higher degree of divergence and availability of sufficient conserved regions within the species but adequate polymorphism among the closely related species (Mohamad, El Sheikha, Mustafa, & Mokhtar, 2013; Razzak et al., 2015) . The Sequences of cytb and ND5 genes of cow (V00654.1), buffalo (NC_006295.1) and pig (AF034253.1) species were retrieved from the National Centre of Biotechnology Information (NCBI) database and were aligned using the MEGA5 alignment tool (http:// www.megasoftware.net/) to identify the hyper-variable and conserved regions. Publicly available software Primer3Plus (http:// www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi) was used to design the six sets (two sets for each species (one set from cytb and another set from ND5)) of primers ( Table 2 ). The theoretical specificity of the designed primers for the similar and distant species was ensured using online Basic Local Alignment Tool (BLAST) in NCBI database (http://blast.ncbi.nlm.nih.gov/Blast.cgi). To determine the total mismatch between the target and nontarget species, the primers were in-silico screened with 17 land animals, namely, cow (Bos taurus), buffalo (Bubalus bubalis), pig (Sus scrofa), horse (Equus caballus), goat (Capra hircus), deer (Cervus nippon), sheep (Ovis aries), donkey (Equus africanus), dog (Canis lupus), rabbit (Oryctolagus cuniculus), monkey (Macaca fascicularis), cat (Felis catus), chicken (Gallus gallus), duck (Anas platyrhynchos), pigeon (Columba livia), quail (Coturnix coturnix), rat (Rattus norvegicus), 8 aquatic species, namely, cod (Gadus morhua), salmon (Salmo salar), tuna (Thunnus orientalis), tilapia (Oreochromis niloticus), rohu (Labeo rohita), Pangas (Pangasius pangasius), frog (Rana kunyuensis) and turtle (Cuora amboinensis) and four plant species, namely, wheat (Triticum aestivum), onion (Allium cepa), ginger (Zingiber officinale) and pepper (Capsicum annuum) using a ClustalW multiple sequence alignment program (http://www.genome. jp/tools/clustalw/). The final specificity was confirmed through a PCR assay against templates of 25 alien species. The primers were synthesized by Integrated DNA Technologies (IDT), Singapore and supplied by First BASE Laboratories Sdn Bhd., Selangor, Malaysia.
Multiplex PCR assay
Prior to develop the mPCR assay, simplex PCR was performed for each of the target species with individual set of primers as described in our earlier report . The simplex PCR was performed in a 25 ml reaction mixture comprised of 5 ml of 5Â GoTaq Flexi Buffer, 0.2 mM each of dNTP, 2.5 mM MgCl 2 , 0.625 U GoTaq Flexi DNA Polymerase (Promega, Madison, USA), 0.4 mM of each primer and 2 ml (20 ng/ml) of DNA template. For negative control, template DNA was replaced by distilled water. All PCRs were performed in an ABI 96 Well Verity Thermal Cycler (Applied Biosystems, Foster City, CA, USA) with an initial denaturation at 95 C for 3 min followed by 35 cycles of denaturation at 95 C for 30 s, annealing at 60 C for 30e35 s, extension at 72 C for 40 s and the final extension at 72 C for 5 min. PCR products were visualized in 2% agarose gel stained with Florosafe DNA stain (1st base Laboratories, Selangor, Malaysia) under a gel image documentation system (AlphaImager HP, Alpha Innotech Corp., California, USA) (data not shown). After optimising simplex PCR assays for individual species, duplex, triplex, tetraplex and finally hexaplex PCR systems were developed as given in Tables 3 and 4 . The reproducibility and robustness of the assay was ensured with a change of PCR master mix kit (QIAGEN Multiplex PCR Plus Kit, QIAGEN GmbH, Hilden, Germany) and operators. Due to the poor resolution of agarose gel, multiplex PCR products were separated and visualized in an automated QIAxcel Advanced Capillary Electrophoresis System (QIAGEN Hilden, Germany) (Fig. 1 ).
Results
Quality and quantity of extracted DNA
Extracted DNA concentration was determined based on the absorbance value at 260 nm and absorbance ratio at 260 nm and 280 nm . The absorbance ratio at A 260 /A 280 was between 1.8 and 1.96 for all extracted DNA. This ensured that good quality DNA was extracted from all samples and it was suitable for PCR reaction (Nejad, Tafvizi, Ebrahimi, & Hosseni, 2014) .
PCR specificity
First of all, a simplex PCR was optimized for each primer pair against the template of each target species to ensure that each target was amplified (Dalmasso et al., 2004) . The primer sets of beef (Cocytb and CoND5), buffalo (Bucytb and BuND5) and pork (Pocytb and PoND5) amplified 120, 106, 90, 138, 73 and 146 bp products from the respective sites of cytb and ND5 genes in mitochondrial genome (Fig. 1) . Secondly, species specificity of the primers were cross-tested against 25 non-target species (goat, lamb, dog, cat, rabbit, monkey, donkey, chicken, duck, pigeon, quail, rat, salmon, tuna, cod, tilapia, rohu, pangas, frog and turtle, wheat, onion, garlic, ginger and pepper) (data not shown). The results demonstrated that only the specific target products were amplified and no nontargets were co-amplified. The use of a universal eukaryotic primer set which amplified 99 bp product from all species, reflected the presence of good quality DNA in all tubes, eliminating the possibility of any false-negative detection (data not shown). This indicated a high fidelity of the each set of the primers for the amplification of specific targets. All tests were repeated three times on three different days with a change of operators but the same outcomes were materialized. After confirming the specificity of each set of primers, mPCR assay was developed step by step for the simultaneous detection of all target species (Fig. 1) . The order of the developmental stage went through the simplex (lanes 1e6), duplex (lanes 7 and 8), triplex (lane 9), tetraplex (lane 10) and hexaplex (lane 11) PCR systems to ensure the consistency of the multiplex system . The simplex and all the multiplex systems (duplex, triplex, tetraplex and hexaplex) amplified the target gene (Cytb and ND5) sites (120 and 106 bp for beef, 90 and 138 bp for buffalo and 146 and 73 for pig) respectively (Fig. 1) , reflecting full conformity with the simplex PCR system. Furthermore, consistence results were found in hexaplex PCR when the operators were changed and a different multiplex PCR master mix kit (QIAGEN Multiplex PCR Plus Kit (data not shown) was used. Finally, the novel mPCR assay was screened against 20 non-target animal and 5 plant species (described above for simplex PCR) for the analysis of cross-specificity. Every time, the assay yielded PCR products only from the beef, buffalo and pig targets and no products from any other non-targets (data not shown). The amplified PCR products were separated by an automated capillary electrophoretic system (QIAGEN GmbH, Hilden, Germany) which is capable of separating nucleic acid with 5e10 bp resolution by using an in-built gel cartridge within 12 min through the application of an electrical current to a gel-filled capillary cartridge through individual electrode for each capillary. The migrated oligos were detected in an in-built-detector and displayed both as gel image (Fig. 1) and electropherogram (Inset of Fig. 1 ) through a photomultiplier.
Limit of detection (LOD)
To determine the sensitivity of the mPCR assay, extracted DNA of the target species (beef, buffalo and pig) were diluted serially from higher (50 ng/ml) to lower concentrations (10.0, 5.0, 1.0, 0.5, 0.2, 0.1, 0.05, 0.02 and 0.01 ng/ml) since spectroscopic measurement at low concentration is not reproducible and trustworthy (www. biochrom.co.uk/download/72/). The QIAxcel automated capillary electrophoresis yielded six bands corresponding to two cytb and two ND5 genes of beef, buffalo and pig species from as low as 0.02 ng of total DNA extracted from muscle tissues (Fig. 2, lane 8) . The electroferogram (inset of Fig. 2 ) also clearly represented six peaks corresponding to the six different bands displayed in the gelview. Thus the limit of detection (LOD) of the developed mPCR assay was concluded to be 0.02 ng DNA.
The screening of meatballs
Meatballs are popular all of the world and could be consumed either as a separate menu or as additives for other dishes. Deliberately contaminated model meatballs of each target species were prepared in laboratory as described in section 2.2 and commercial meatballs of five different brands for beef (described as A-E) and pork (described as A-E) were purchased from different selling outlets across Malaysia on three different dates. The model meatballs of each target species were deliberately adulterated with 1%, 0.5% and 0.1% raw meat of other two target species as given in section 2.2. The 0.1% spiked meatballs of three species were autoclaved at 121 C and 15-psi pressure for 2.5 h to simulate extensive cooking effect. The experimental finding is given in Fig. 3 and the analytical data are presented in Table 5 .
The model beef, buffalo and pork meatballs, adulterated with 1%, 0.5% and 0.1% of buffalo and pork; beef and pork; and beef and buffalo, amplified all the six targets ( Fig. 3; lanes 1e3 ; 5e7 and 9e11) representing the three target species. The 0.1% adulterated autoclaved meatballs also positively amplified six targets for beef, buffalo and pork (lane 4, 8 and 12). In case of commercial meatball products, only pork was contained in pork meatballs but 80% of the analysed beef meatball was found to contain both beef and buffalo and 20% was found to contain only buffalo species. Thus the absence of pure beef meatballs in Malaysian markets reflected that buffalo substitution in beef products is rampant for the pursuit of illegal economic gain.
Validation of mPCR assay in thermally processed meat
To assess the detection efficiency of the described mPCR assay, various thermally treated meat samples were analysed (Arslan, Ilhak, & Calicioglu, 2006; Karabasanavar, Singh, Umapathi, Girish et al., 2011 . As reported in methodology (section 2.3), raw meat of beef, buffalo and pork were subjected to three different heat treatment processes, namely boiling, autoclaving and microwave cooking. The extracted DNA of the all processed meat samples were used as templates for the mPCR assay. The system successfully detected all target species, beef, buffalo and pork under all thermal processing conditions, including extensive autoclaving (121 C at 15-psi for 2.5 h) and extreme microwaving at 700 W for 30 min (Fig. 4) .
Discussion
The motivation of adulteration comes from a company's interest in making an on growing profit by selling a cheaper item in the name of its expensive counterparts. It incurs a serious risk especially when an animal material is involved. According to the US Department of Agriculture, about 75% of the recently emerging 
Model meatballs
Beef meatball Buffalo and Pig 1.0 Raw 9/9 9/9 9/9 100 Beef meatball Buffalo and Pig 0.5 Raw 9/9 9/9 9/9 100 Beef meatball Buffalo and Pig 0.1 Raw 9/9 9/9 9/9 100 Beef meatball Buffalo and Pig 0.1 Autoclaved for 2.5 h 9/9 9/9 9/9 100 Buffalo meatball Beef and Pig 1.0 Raw 9/9 9/9 9/9 100 Buffalo meatball Beef and Pig 0.5 Raw 9/9 9/9 9/9 100 Buffalo meatball Beef and Pig 0.1 Raw 9/9 9/9 9/9 100 Buffalo meatball Beef and Pig 0.1 Autoclaved for 2.5 h 9/9 9/9 9/9 100 Pork meatball Beef and Buffalo 1.0 Raw 9/9 9/9 9/9 100 Pork meatball Beef and Buffalo 0.5 Raw 9/9 9/9 9/9 100 Pork meatball Beef and Buffalo 0.1 Raw 9/9 9/9 9/9 100 Pork meatball Beef and Buffalo 0.1 Autoclaved for 2.5 h 9/9 9/9 9/9 100 Commercial meatballs* Beef meatball A e e Raw 9/9 9/9 0/9 100 Beef meatball B e e Raw 9/9 9/9 0/9 100 Beef meatball C e e Raw 6/9 9/9 0/9 100 Beef meatball D e e Raw 7/9 9/9 0/9 100 Beef meatball E e e Raw 5/9 9/9 0/9 100 Pork meatball A e e Raw 0/9 0/9 9/9 100 Pork meatball B e e Raw 0/9 0/9 9/9 100 Pork meatball C e e Raw 0/9 0/9 9/9 100 Pork meatball D e e Raw 0/9 0/9 9/9 100 Pork meatball E e e Raw 0/9 0/9 9/9 100 Notes: *Five different brands (A-E) of each beef and pork meatballs were analysed to validate the developed multiplex PCR assay. The numerator and denominator of each fraction denote the number of positive detection and total number of samples analysed using the multiplex PCR assay.
infectious diseases affecting humans are the diseases of the animal origins (USDA, 2015) . Certain animal materials such as bovine and porcine are also sensitive social and religious issues . Overall food falsification is a crime under the food and drug laws in most countries and its prevention is a long cherished hope. In this regards, authentication technologies play a key role by verifying the food ingredients prior to the enforcement of regulatory laws. The key purpose is not to punish the violators but to prevent the practices at its origin for the greater societal and heath benefits. The adulteration of beef products with buffalo and buffalo with beef in many cases are unreported, especially when societal issues are not dominant such as in Malaysia. However, it is a matter of economic cheating and also it involves certain degree of health risk and socio-cultural outburst depending on the place and availability (Girish et al., 2013; Karabasanavar, Singh, Umapathi, Girish et al., 2011 Sakaridis et al., 2013) . It might also take innocent lives under special circumstances, such the killing of a man in India (Daily Mail Online, 2015) . Considering the needs, we developed here six pairs of species-specific primers targeting the interspecies hyper variable and intra-species conserved regions of cytb and ND5 genes of beef, buffalo and pork. The mitochondrial DNAs (mt-DNA) are more focused over the nuclear ones (n-DNA) for authentication studies because of its maternal origins, extra protection by mt-membrane and abundance in multiple copies (Girish et al., 2004; Zha, Xing, & Yang, 2010) . In this study, additional security was ensured by targeting two different sites on two different mt-genes since it is unlikely that both targets would be missing under compromised states. Additionally, all targets were kept within 146 bp in length since short-targets are thermodynamically more stable over the longer ones .
The designed two sets of primers for each of cow, buffalo and pig amplified short-length PCR products which were between 73 and 146 bp (Cocytb:120 bp, CoND5:106 bp, Bucytb:90 bp, BuND5:138 bp, Pocytb: 146 bp and PoND5: 73 bp). Biomarker targets within this range were suitable for efficient amplification and stable under extreme food processing conditions. Overall, this ensured better efficiency and accuracy of the assay to detect targets even in degraded samples .
The success of an mPCR assay mainly depends on primer specificity and melting temperature (Tm) . This is because all primers must anneal to their respective binding regions under the same set of PCR condition. In the design of speciesspecific primer, the oligonucleotide mismatch calculation plays critical roles since the efficiency of a PCR assay may reduce or amplification reaction may fail due to the presence of a critical mismatch in the primer binding site . In the present study, the developed six primer sets (Table 2) contained 100% matching with specific gene targets and 3e18 nucleotides (12.5e78%) mismatching with other related or non-target species. Furthermore, identical Tm (60 C) of all primers confirms that all primers would anneal only with the target template and there is very little or no possibility to anneal with any others non-target species . The pairwise distances among 25 animals and 4 plant species was between 0.25 and 1.55 (data not shown) which was computed using the neigh-bour-joining method (Tamura et al., 2011) . The minimum distance was found between the cow and buffalo (0.25) and the maximum was between the cow and chilli (1.55), reflecting adequate genetic distances among the studied species. Thus bioinformatics studies ensured that there were no or very little chances for amplifying a cross-species target . The analysis of phylogenetic tree based on genome sequences also confirmed the other theoretical studies (data not shown).
To avoid cross-amplification in the final mPCR system, each set of primers was further evaluated against extracted DNA from muscle tissues of other two target species in a simplex PCR reaction, i.e. the beef primer sets were assayed with DNA template of buffalo and pig and buffalo primer sets were assayed with DNA template of beef and pig and so on. Then, each primer pair were checked against 25 non-target species (lamb, goat, rabbit, cat, dog, donkey, duck, chicken, monkey, pigeon, quail, rat, salmon, tuna, cod, tilapia, rohu, pangas, turtle and frog, wheat, onion, ginger, garlic and pepper) . Results demonstrated no cross-amplifications with any of the primer pairs. All of these indicated that the designed primers were highly specific for the target species. Triplicate assays performed on three different days with a change of operators and blindly labelled samples and reproducible results were obtained.
After optimization the simplex PCR, two duplex PCR for Cocytb and Bucytb and CoND5 and BuND5; one triplex of Cocytb, CoND5 and BuND5; one tetraplex of Cocytb, Bucytb, CoND5 and BuND5 and finally multiplex (hexaplex) PCR of Pocytb, Cocytb, Bucytb, CoND5, BuND5 and PoND5 were optimized step by step to eliminate the possibility of forming any primer dimers or multimers ( Fig. 1) . Due to the narrow differences in the length of the targets, agarose gel electrophoresis, which hardly separate nucleic acid of less than 50 bp difference in length, could not be used to separate the amplicons for visualization (Bottero & Dalmasso, 2011) . It is also a laborious technique and require rather longer separation time. Consequently, we used here a fully automated multi-capillary electrophoresis device (QIAxcel Advanced Capillary Electrophoresis System, Germany) for the separation and visualization of PCR products. This effectively enhanced sensitivity and resolution (~5 bp) and shortened analysis time, minimizing the manual handling errors and exposure to hazardous chemicals by virtue of its in-built gel matrices in a readyto-run gel cartridge (DOOLEY et al., 2005; Fajardo, Gonz alez, Rojas, García, & Martín, 2010) . The well separated mPCR products were clearly visualized in the gel image along with the electropherograms (Fig. 1) for all of six targets.
To check the sensitivity of the mPCR assay, DNA template of all target species was serially diluted from higher to lower concentration (10 nge0.01 ng) by adding required amount of deionized water (Fig. 2) . The six distinct bands of the six PCR target amplified from 0.02 ng DNA template were observed in both the gel-view (lane 8) and electroferogram (inset), confirming the detection limit (LOD) at 0.02 ng DNA. LOD at this range was sufficient to detect any commercial frauding for profit making purposes . Previously, detected 0.01 ng DNA of dog, monkey and rat but 0.02 ng was found for pig and cat in a pentaplex PCR system of 108e172 bp product sizes. Zhang, (2013) documented 1 pg (0.001 ng) sensitivity for a semi-nested mPCR for beef (263 bp), pork (387 bp), mutton (322 bp) and chicken (216 bp). However, in semi-nested mPCR a common primer pair is amplified at first place and the amplified product is then used as a template for the multiplex PCR. These make the assay more difficult, costlier time consuming and less trustworthy. In addition, the identical efficiency of the shortened primers for different templates often makes them incapable to detect an accurate species . Furthermore, Kitpipit et al. (2014) obtained 7e21 fg LOD for beef, Pork, lamb, chicken, ostrich and horse with amplicon sizes of 100e311 bp. On the other hand, Luo et al. (2008) detected 0.1e0.2 ng DNA in a mPCR assay for cattle, pig, sheep and chicken containing 149e274 bp product sizes. Additionally, a duplex PCR identified beef (113 bp) and buffalo (152 bp) milk and meat from 0.001 ng DNA (REA et al., 2001; Gupta, Rank, & Joshi, 2012) . Thus the variation in sensitivity is a common phenomenon in mPCR and it depends on several factors such as target gene, target species, amplicon size and quality of the source material (Hou et al., 2015) .
Although several assays are reported for bovine, buffalo and porcine identification, the most of the reported mPCR assays have not been optimized and tested for adulteration detection under commercial matrices and extensive food processing conditions. This novel mPCR assay was optimized and validated for the analysis of a very popular meat product, meatball under raw and heat treated condition to evaluate the reliability and accuracy of the method. It positively detected target species from up to 0.1% adulterated and severely autoclaved model meatballs (Fig. 3) . More recently, Razzak et al. (2015) documented a sensitivity threshold of 0.1% for adulterated meatball, burger and frankfurter products under raw states but up to 1% for 2.5 h autoclaved samples. Hou et al. (2015) reported a sensitivity limit up to 1% for chicken, duck and goose boiled at 100 C. In simplex PCR, Karabasanavar, Singh, Kumar, and Shebannavar (2014) identified 0.1% adulterated pork under raw states. documented less than 1% autoclaved beef in mixed states. To the best of our knowledge, no other studies have tested mPCR assay under extreme food processing conditions such as boiling (90 min), autoclaving (2.5 h) and micro-oven cooking (700 W for 30 min) (Fig. 4) , although simplex PCR assays have been documented under harsh processing condition Karabasanavar, Singh, Umapathi, Girish et al., 2011 . The specialty of our assay was double gene target, short amplicon length, exceptional stability and sufficient sensitivity under raw, admixed and processed states. A double targeted PCR assay is more reliable and trustworthy since alternative targets can compensate the detection of a missing target under the state of decomposition.
Finally, we applied the developed mPCR for the analysis of commercial beef and pork meatballs as buffalo meatball was not available in the Malaysian markets. All pork meatballs were positively detected only pork but beef meatballs were detected both beef and buffalo for 80% samples and total replacement of beef with buffalo in other 20% (the total number of samples were tested 5 Â 9 ¼ 45 for the each of beef and pork products) (Table 5) . Although both beef and buffalo are permitted by the Halal Authority of Malaysia, beef meatball was adulterated with buffalo for gaining unjustified profit since the buffalo meat is cheaper than beef in Malaysia. However, as per the European guideline, fake labelling in food is a crime and it must be prevented (Przyrembel, 2004) . However, because of the strict monitoring of haram species, Halal certified buffalo adulterated beef meatballs were found free from any non-Halal porcine materials.
Conclusion
Counterfeiting of animal materials in food products is an emerging concern and to combat this problem regulatory body must need a trustworthy technique for ingredient authentication. This novel mPCR assay for the discriminatory detection of bovine, buffalo and porcine materials is outstanding because it ensured extra security through targeting two sites of two different genes which are less likely to break down even under the states of decomposition. Furthermore, alternative targets could complement the detection of a missing target. The assay was sensitive enough to detect 0.02 ng pure DNA and 0.1% adulterated meat under mixed matrices. Due to shorter length of the targets (73e146 bp), all targets were stable under extensive boiling, micro-waving and autoclaving treatments. Finally, its optimization and validation for the screening of commercial meatball products reflected the method was operationally feasible for the detection of trace amount bovine, buffalo and porcine materials in food chain. Market survey revealed about 80% of beef meatballs are adulterated with buffalo and about 20% are totally replaced with buffalo. However, porcine meatballs were found to be 100% authentic and no porcine was detected in halal branded beef meatballs. The findings demonstrated sufficient merit for using this novel mPCR assay as a practical tool for the routine analysis of beef, buffalo and pig products even under the state of degraded specimens.
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